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CLAIMS 

We claim: 

1 . A programmable device having programmable input/output (I/O) circuitry and programmable 
logic connected to receive incommg signals from and provide outgoing signals to the VO circuitry, the 
programmable device comprising: 
a first pad; and 

a programmable I/O circuit (PIC) associated with the first pad. wherein the PIC comprises: 
a first output buffer adapted to present a first outgoing signal at the first pad; and 
a first transmission gate connected between the first pad and the first output buffer, wherein: 
the first transmission gate is adapted to be closed when the first output buffer is selected to 

present the first outgoing signal at the first pad; and 

the first transmission gate is adapted to be open when the first output buffer is selected not to 
present the first outgoing signal at the first pad, wherein capacitive loading at the first pad due to the first 
output buffer is lower when the first transmission gate is open than when the first transmission gate is 
15 closed. 

2. The invention of claim 1 , wherein: 

a first side of the first transmission gate is connected directly to the first pad; and 
a second side of the first transmission gate is connected directly to an output of the first output 
20 buffer. 

3. The invention of claim 1, wherein the first output buffer is a single-ended output buffer. 

4. The invention of claim 1 , wherein the PIC fiirther comprises: 

25 one or m.ore other output buffers, each adapted to present an other outgoing signal at the first pad; 

and 

one or more other transmission gates, each connected between the first pad and a corresponding other 

output buffer, wherein: 

each other transmission gate is adapted to be closed when the corresponding other output buffer 
30 is selected to present the corresponding other outgoing signal at the first pad; and 

each other transmission gate is adapted to be open when the corresponding other output buffer is 
selected not to present the corresponding other outgoing signal at the first pad, wherein capacitive 
loading at the first pad due to the other output buffer is lower when the other transmission gate is open 
than when the other transmission gate is closed. 
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5. The invention of claim 1, wherein the first transmission gate comprises a plurality of switch 
devices connected in parallel between first and second sides of the first transmission gate. 



6. The invention 



of claim 5. wherein the plurality of switch devices are individually controllable. 



7 The invention of claim 6, wherein the plurality of switch devices are adapted to be individually 
and selectively controlled to compensate for variation in switch-device resistance due to at least one of 
process and temperature. 

8. The invention of claim 1 , wherein: 
the programmable device is an FPGA; 

a first side of the first transmission gate is connected directly to the first pad; 

a second side of the first transmission gate is connected directly to an output of the first output 

buffer; 

the first output buffer is a single-ended output buffer; 

the first transmission gate comprises a plurality of switch devices connected in parallel between first 
and second sidesofthe first transmission gate, wherein the plurality of switch devices are adapted to be 

individually and selectively controlled to compensate for variation in switch-device resistance due to at 
least one of process and temperature; and 
the PIC fiirther comprises: 

one or more other output buffers, each adapted to present an other outgoing signal at the first pad; 

oneormoreotiiertransmissiongates.eachconnectedbetweenthefirstpadandacorresponding 

other output buffer, wherein: 

each other transmission gate is adapted to be closed when the corresponding other output 

buffer is selected to present the corresponding other outgoing signal at the first pad; and 

each other transmission gate is adapted to be open when the corresponding other output 

buffer is selected not to present the corresponding other outgoing signal at the first pad, wherein 
capacitive loading at the first pad due to the other outputbufferislower when the other transmis^^^^ 

) is open than when the other transmission gate is closed. 

9 A programmable device having programmable input/output (I/O) circuitry and programmable 
logic comiected to receive incoming signals from and provide outgoing signals to the I/O circuitry, the 
programmable device comprising: 

J 2 1054.027 

L02-034 



a plurality of pads; 

a programmable VO circuit (PIC) associated with the pads, wherein the PIC comprises: 
a plurality of single-ended output buffers, each associated with at least one pad; and 
at least one double-ended output buffer associated with at least two pads; and 

atransmission gate connectedbetween each smgle-endedoutputbuffer and its at least one ^^^^^^^ 

pad. 

10 The tov«,tio„ of claim 9. whereto each single^ded ou^ut buffer is associaKd wi* at least h»o 
pads, v*e,e,na«ssio„ gate is co,»»c,edbe.weeneachsi„g.e.ndedoutputbufrer and 

least two associated pads. 

1 1 . The invention of claim 9, wherein the PIC farther comprises a plurality of input receivers, each 
associated with at least one pad. 

12 Aprogrammabl. device having programmable input/output (I/O) circuitry and programmable 
logic connected «> teceive tacoming signals ftom and i^vide outgoing signals to the I/O circuity, fte 

programmable device comprising: 
a first pad; and 

a programmable I/O circuit (PIC) associated with the first pad, wherein the PIC composes: 

a low-speed output buffer adapted to present a first outgoing signal at the first pad; 

afirst transmission gate connectedbetween the first pad and the first low-speed outputbuffer,the 

transmission gate having a lower output capacitance than the low-speed buffer; and 

a high-speed output buffer adapted to present a second outgoing signal at the first pad. 

,3. THe invention of claim 1 2, wherein the low-speed buffer is a single-ended output buffer and the 
high-speed buffer is a double-ended output buffer. 
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